Diaryliodonium chemicals increased nitrogen (N) absorption, utilization of absorbed N and N retention in growing steers. Fifty parts per million of the chemicals (diphenyliodonium chloride, diphenyliodonium bromide, 4,4'-difluorodiphenyliodonium chloride or 4,4'-dimethyldiphenyliodonium chloride) in the diet appeared sufficient to promote significant (P<.05 or .10) improvements in N utilization. Diet digestibility was either not affected or improved slightly. We suggest that diaryliodonium chemicals improve N utilization by adjusting the ruminal degradation of dietary protein to yield more amino-N and less ammonia-N.
Introduction
Diaryliodonium chemicals effectively decreased utilization of amino acids by mixed tureen microbial populations (Chalupa et al., 1983b) . Because a large quantity of amino acids produced in the rumen from dietary protein is usually deaminated to yield ammonia and other intermediate products, decreasing utilization of amino acids with diaryliodonium chemical should improve nitrogen economy (Chalupa, 1980 (Chalupa, , 1981 . These studies were undertaken to determine effects of diaryliodonium chemicals on N-utilization in growing steers. Effects on animal performance are in Chalupa et al. (1983a) .
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Experimental Procedure
Seven total collection metabolism experiments were conducted. Complete diets that contained 50 to 60% corn ) and 20 to 30% forage [alfalfa-grass hay (IFN 1-00-322) plus cottonseed hulls (IFN 1-01-599)] were formulated to provide 12 to 15% crude protein in dry matter. Supplemental N was provided in the diets by soybean meal and urea. Diaryliodonium chemicals were incorporated into premixes of ground corn and(or) soybean meal and mixed by hand into the diets at each feeding.
Hereford steers that weighed between 180 to 280 kg were adapted to metabolism units and fed diets supplemented with diaryliodonium chemicals in rotating type experimental designs. Details relating to numbers of animals, treatments, periods and statistical analyses are detailed in tables 1 through 8. Because N utilization data are difficult to interpret when N intakes are not constant, steers were fed about 95% of their estimated maximum intakes in equal portions offered at 0830 and 1530 h.
The steers were adapted to diets for at least 21 d before initiating experiments. Steers were then fed chemical agents for at least 7 d before excreta were collected for 6 d. Seven-day adaptation periods were selected so that several chemicals could be evaluated in a reasonable period of time. It is important to recognize that the N utilization experiments reported herein were an intermediate between evaluation of chemical agents that modified ruminal utilization of amino acids (Chalupa et al., 1983b ) and evaluation in animal performance studies (Chalupa et al., 1983a) .
Composite feed, wet feces and urine were assayed for N (AOAC, 1965 (table 8) , and feed and feces were dried in a forced-air oven at 60 C for 48 h in three experiments (tables 2, 6 and 8) to estimate effects of diaryliodonium chemicals on digestibility.
Statistical analyses were conducted according to procedures outlined by Steel and Torrie (1960) .
Results
Medicating diets that contained 12 to 15% crude protein with diphenyliodonium chloride (tables 1, 2 and 3), diphenyliodonium bromide (table 4) , 4,4'-difluorodiphenyliodonium chloride (table 5) or 4,4'-dimethyldiphenyliodonium chloride (tables 6 and 7) decreased fecal N excretion, increased N apparently absorbed aNine 200-kg steers were fed 4 kg dry matter of the five diets/day in a nine animal X five treatment • five period rotating experimental design. Sources of variation and degrees of freedom employed in the least-squares analysis of variance were: total, 45; correction factor, 1; animal, 8; treatment, 4; period, 4 and residual, 28. Residual mean square was used to test mean squares attributable to animal, treatment and period. Diet ingredients were: corn, 54%; ground alfalfa-grass hay, 19%; dried molasses, 8%; soybean meal, 8%; cottonseed bulls, 9%; fat, .9%; urea, . 3% and NRC (1970) aEight 280-kg steers were fed 5.5 kg dry matter of the two diets/day in an eight animal • two treatment X three period experimental design. Sources of variation and degrees of freedom employed in the leastsquares analysis of variance were: total, 24; correction factor, 1; animal, 7; treatment, 1; period, 2 and residual, 13. Residual mean square was used to test mean squares attributable to animal, treatment and period. Diet ingredients were: corn, 53%; cottonseed hulls, 19%; chopped alfalfa hay, 9%; dried molasses, 9%; animal fat, 3%; soybean meal, 6%; urea, .5% and NRC (1970) recommended quantities of minerals and vitamins. Diet contained 14.5% crude protein in dry matter.
bDifferent from 0 ppm (P<.01) according to F-test.
CDifferent from 0 ppm (P<.05) according to F-test. from the gastrointestinal tract and did not change or slightly decreased urine N excretion. Utilization of absorbed N was improved and, consequently, more N was retained. Fifty parts per million of the various diaryliodonium chemicals appeared to be sufficient to produce statistical improvements at the 5 or 10% level of probability in utilization of absorbed N and in N retention. In a factorial design experiment with 4,4'-dimethyldiphenyliodonium chloride and Synovex-S ( 
Discussion
We previously demonstrated the diaryliodonium chemicals were potent inhibitors of amino acid utilization by the mixed rumen microbial population (Chalupa et al., 1983b) . In other studies steers supplemented with diary- aFour 180-kg steers were fed 3.6 kg dry matter of the four treatment/day in a four animal • four treatment • four period experimental design. Sources of variation and degrees of freedom employed in the least-squares analysis of variance were: total, 16; correction factor, 1; animal, 3; treatment, 3; period, 3 and residual, 6. Residual mean square was used to test mean squares attributable to animal, treatment and period. Diet ingredients were: corn, 62%; cottonseed hulls, 19%; dried molasses, 9%; soybean meal, 7.6%; animal fat, 2%; urea, . 5% and NRC (1970) aEight 263-kg steers were fed 4.8 kg dry matter of the four treatments/day in an eight animal • four treatment • four period experimental design. Sources of variation and degrees of freedom employed in the leastsquares analysis of variance were: total, 32; correction factor, 1; animal, 7; treatment, 3; period, 3 and residual, 18. Residual mean square was used to test mean squares attributable to animal, treatment and period. Diet ingredients were as described in footnote a to table 3. bDifferent from 0 ppm (P<.10) according to t-test.
CDifferent from 0 ppm (P<.05) according to t-test. liodonium chemicals had increased ruminal concentrations of free amino acids and decreased ruminal concentrations of ammonia (Chalupa et al., 1975 (Chalupa et al., , 1983b Horton, 1979 Horton, , 1980 . This illustrates that, by inhibiting amino acid utilization, diaryliodonium chemicals adjust the end products of ruminal degradation of dietary protein.
Improvements in N retention obtained with supplements of diaryliodonium chemicals were due to increased apparent digestibility of N plus improved utilization of apparently absorbed N. These responses reflect (a) the quantitative absorption of free amino acids from the gastrointestinal tract and (b) the utilization of amino-but not ammonia-N for maintenance and production.
The slight improvements in dry matter digestibility may indicate requirements for amino acids, in addition to ammonia (Nolan, aEight 272-kg steers were fed 5.1 kg dry matter of the four treatments/day in an eight animal • four treatment X four period experimental design. Sources of variation and degrees of freedom employed in the leastsquares analysis of va'iiance were: total, 32; correction factor, 1; animal, 7; treatment, 3;period, 3 and residual, 18 . Residual mean square was used to test mean squares attributable to animal, treatment and period. Diet ingredients were as described in footnote a to 1975), by some rumen bacteria. Several species of rumen bacteria are known to require amino acids and peptides (Allison, 1970; Buttery, 1976) . Cell yields in vitro of washed suspensions of rumen bacteria were increased by replacement of a portion of the urea in the culture mixture with amino acids (Maeng et al., 1976) . Horton (1980) reported that crude fiber and organic matter digestibility were increased with 25 ppm of 4,4'-dimethyldiphenyliodonium chloride.
The N utilization studies reported herein were of short duration. However, improvements in gain and feed efficiency were obtained by Chalupa et al. (1983a) and Horton (1980) in studies of 112 d.
